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(54) FERROELECTRIC CERAMIC COMPOSITION 

(57)Abstract: 

PURPOSE: To provide a composition which uses a tetragonal system, is kept in 
good proportion to a strong electric field to cause large distortion, is not much 
affected by the temperature change of atmosphere and is excellent in durability. 
CONSTITUTION: A ferroelectric ceramic composition is obtained by addition of 
Sn02, Nb205, SrO or BaO, etc., to. PZT or a PZT system substance. Its crystal 
system is tetragonal wherein Zr ratio expressed as Zr/(Zr+Ti) is set to be at 
least 0.5mol% smaller than that of a phase boundary. 
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' *NOTifCES* 
Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ferroelectric porcelain constituent which it comes to add additives, such as Sn02, Nb 205, 
and SrO, BaO, to a PZT or PZT system, and the crystal system is made into tetragonal system, and is 
characterized by setting up Zr ratio expressed with Zr/(Zr+Ti) smaller at least 0.5 mole percents than Zr 
ratio of a phase boundary. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the amelioration technique of the ferroelectric porcelain 

constituent represented by electrostrictive ceramics. 

[0002] 

[Description of the Prior Art] When a strong electrical potential difference is impressed, the ferroelectric 
porcelain constituent (it abbreviates to a "ferroelectric" hereafter.) is adopted as mechanical . 
components (actuator), such as a minute positioning device,, using the property (inverse piezoelectric 
effect) in which a ferroelectric: carries out distorted: deformation. 
[0003] 

[Problem(s) to be Solved by the Invention] The above-mentioned ferroelectric takes the value of the 
phase boundary where the property at the time of generally the; electrical potential difference of 1 V 
(bolt) extent being impressed is made the best, and is application-ized. 

[0004] However, the ferroelectric selected on the basis of the property near a phase boundary tends to 
be influenced of ambient temperature, and needs to perform suitable temperature compensation. 
[0005] moreover, distorted as an actuator — it is so good that a variation rate is large, and although he 
wants to raise applied voltage to 1kV for the reason, when such a high voltage is impressed, the 
conventional thing keeps that it is poor and there is no **** in practical use. 

[0006] Then, the purpose of this invention is to offer the ferroelectric which combines the electric-field 
property of bearing the high voltage, endurance, and the good temperature characteristic. 

-2- 



' [0007]-* 

[Means for Solving the Problem and its Function] That the above-mentioned purpose should be attained, 
in a ferroelectric porcelain constituent, additives, such as Sn02, Nb 205, and SrO, BaO, are added to a 
PZT or PZT system, it becomes it, the crystal system is made into tetragonal system at it, and this 
invention is characterized by Zr ratio expressed with Zr/(Zr+Ti) being smaller than Zr ratio of a phase 
boundary at least 0.5 mole percents, and being set up. 
[0008] 

[Example] The result studied wholeheartedly that this invention person should improve the fault of the 
conventional PZT system ferroelectric, Are what added Nb205 of a minute amount, and Sn02 to the 
PZT system ferroelectric, and the ferroelectric of tetragonal system has a good electric-field property 
and endurance. And it is as finding out that the extremely characteristic ferroelectric porcelain 
constituent which is not looked at by the former that it cannot be easily influenced by the environmental 
temperature change is obtained, reaching this invention, and describing the detailed contents below. In 
addition, PZT is the abbreviated name of Pb(Zr, Ti) 03 crystalline. 

[0009] Drawing 1 is the related Fig. of Zr ratio and a lattice constant in the ferroelectric containing the 
ferroelectric concerning this invention, manufactures two or more kinds of samples to which the Zr ratio 
was changed by the process of the usual electrostrictive ceramics centering on the constituent which 
added slight Nb205 and Sn02 to PZT, and asks these for a lattice constant by powder X-ray diffraction. 
[0010] In addition, the above-mentioned Zr ratio is expressed with Zr/(Zr+Ti), and means the mole 
fraction of Zr contained in a constituent. On a notation, this is doubled 100 and it expresses with mole 
percent. 

[0011] In drawing 1 , it is c= 4.113, a= 4.049A, and axial ratio (c/a) =1.0158 in the Zr ratio 49.0, and it 
turned out that a c-axis is small, an a-axis becomes large, an axial ratio (c/a) approaches 1.0, and the 
phase boundary which phase transition produces [ Zr ratio ] from ****** to ******** in the 52.0 to 
52.25 neighborhood exists in an increment and ** of Zr ratio. It turned out that this to Zr ratio is 
tetragonal system or less in 52, and Zr ratio is a rhombohedral system or more in 52.25. 
[0012] It carries out grinding of said sample to 1mm in thickness, drawing 2 is drawing showing Zr ratio 
of the ferroelectric containing the ferroelectric concerning this invention, and distorted relation, after it 
is able to be burned in a silver paste electrode, it impresses the electrical potential difference of 700V, 
and it shows what measured distortion using the non-contact type laser displacement gage and the 
strain gage. 

[0013] As for distortion, according to drawing 2 , Zr ratio serves as max near 52.0-52.25. This is 
considered to be the presentation which the constituent near a phase boundary is soft and is easy to be 
distorted. And that the constituent near a phase boundary was adopted conventionally originates in 
distortion being large. 

[0014] Drawing 3 . (a) - (c) is. drawing showing change, of. d constant when applying an electrical potential . . 
difference in the ferroelectric containing the ferroelectric concerningthis invention,; impresses the ;direct 
current voltage to 1.2kV/mm to the sample by which grinding was carried out to 1 mm in said thickness, 
and plots piezo-electric d constant (it abbreviates to "d constant" hereafter.) computed based on 
distortion of 31 directions generated on this occasion. 

[0015] Zr ratio can set drawing 3 (a) in the sample of 49.0-51.75, i.e., tetragonal system, d constant 
becomes large, so that Zr ratio is large, and as for d constant, 51.0 or less thing is mostly in direct 
proportion to the magnitude of electric field for Zr ratio. However, Zr ratio is decreasing with a peak of 
near 1kV/mm about 51.75. 

[0016] drawing 3 (b) — Zr ratio — 52. — to the sample 0 and 52.25, i.e., near a phase boundary, 
although d constant is large, it is decreasing from near 0.7kV/mm. 

[0017] drawing 3 (c) — Zr ratio — 53. — to the sample of 0 and 55.0, i.e., a rhombohedral system, while 
d constant is small, it cannot be said that it is in an increment and proportionality of electric field. 
[0018] Drawing 3 (a) In order to obtain d constant which comparatively big d constant was obtained so 
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4 that - fc) might show, and is proportional to field strength, it is tetragonal system and Zr ratio can say 
that the sample of the 51.0 neighborhoods is desirable. 

[0019] Drawing 4 is drawing showing the temperature effect nature of the ferroelectric containing the 
ferroelectric concerning this invention, and an axis of ordinate is a distortion rate in 60 degrees C when 
setting 0 degree C to 1.0, and increases rapidly to 1.2 or more times with a phase boundary and a 
rhombohedral system to a distortion rate being about 1.13 in tetragonal system. It is shown to change of 
ambient temperature that the sample of tetragonal system is the hardest to be influenced. 
[0020] Drawing 5 is drawing showing the distorted rate of change by the electrical-potential-difference 
repetition durability test of the ferroelectric containing the ferroelectric concerning this invention, in the 
direct-current bias of 1.2 VK/mm and 1HZ, the distorted rate of change 1000 times, 10000 times, and 
after impressing 75000 times is shown, degradation progresses and a rhombohedral system is also 
accepted for degradation on a phase boundary. 

[0021] On the other hand, extent of degradation [ in tetragonal system ] also after 75000 times is very 
small, and its endurance is large. 

[0022] the ferroelectric porcelain constituent suitable from the above thing for an actuator — tetragonal 
system — and at least 0.5 mole percents from Zr ratio of a phase boundary — small — what was set as 
**** Zr ratio is suitable. 

[0023] In addition, it is desirable that Zr ratio is set as the range of 50.0-51.50 in the example shown in 
drawing 3 (a) - (c) since generating distortion became small as it was shown in drawing 2 and drawing 3 
(c), when each property tended to become unstable when a setup of Zr ratio was too close to the phase 
boundary, and a setup of Zr ratio was too small, and there was no **** in practical use. 
[0024] In addition, the additive for a PZT system is good also as oxides, such as Nb205 and not only 
Sn02 but SrO, BaO, etc. Moreover, as for the ferroelectric of this invention, it is needless to say that it 
may. be used as a ferroelectric of not only electrostrictive ceramics but a wide sense. 
[0025] 

[Effect of the Invention] Since the ferroelectric porcelain constituent of this invention is tetragonal 
system, it maintains good proportionality to strong electric field, produces a big distortion, and it is 
seldom influenced by the temperature change of an ambient atmosphere, and its endurance is good as 
stated above. Therefore, according to this invention, a reliable ferroelectric porcelain constituent can be 
offered by high power. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The related Fig. of Zr ratio and a lattice constant in the ferroelectric containing the 
ferroelectric concerning this invention 

[Drawing 2] Drawing showing Zr ratio of the ferroelectric containing the ferroelectric concerning this 
invention, and distorted relation 
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' [Drawirfe 3] Drawing showing change of d constant when applying an electrical potential difference in the 
ferroelectric containing the ferroelectric concerning this invention 

[Drawing 4] Drawing showing the temperature effect nature of the ferroelectric containing the 
ferroelectric concerning this invention 

[Drawing 5] Drawing showing the distorted rate of change by the electrical-potential-difference 
repetition durability test of the ferroelectric containing the ferroelectric concerning this invention 
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